t r a c t
A simple and efficient method for the synthesis of alcohols from the corresponding carboxylic acids is described. Activation of carboxylic acid with 1-propanephosphonic acid cyclic anhydride (T3P) and subsequent reduction using NaBH 4 yield the alcohol in excellent yields with good purity. Reduction of several alkyl/aryl carboxylic acids and N a -protected amino acids/peptide acids as well as N b -protected amino acids was successfully carried out to obtain corresponding alcohols in good yields. All the products were fully characterized by 1 H NMR and mass spectral analyses. The procedure is mild, simple and the isolation of the products is easy.
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Reduction of carboxylic acids, ketones, and aldehydes to alcohols is an important functional group transformation. Though there are several procedures known, more efficient and convenient protocols are continously being explored. The reduction of carboxylic acids was achieved by a variety of metal hydride based reducing agents such as LiAlH 4 reported in the literature. BOP reagent was used to activate carboxylic group prior to NaBH 4 treatment. 11 Cardenas group reported an elegant procedure for the reduction of caboxylic acids through the reaction of in situ formed hydroxybenzotriazole esters with NaBH 4 in water. 12 1-Propanephosphonic acid cyclic anhydride (T3P) is known as an efficient and reliable coupling agent and also a water scavenger. It has been employed for the conversion of carboxylic acids to aldehydes, amides to nitriles, and formamides to isonitriles. It has also been utilized in the synthesis of heterocycles, Weinreb amides, b-lactams, hydroxamic acids, acylazides, esters, imidazopyridines, dihydropyrimidinones as well as peptides ( Fig. 1) . 13 
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Tetrahedron Letters j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / t e t l e t herein report a simple approach for the synthesis of alcohols from corresponding carboxylic acids using T3P-NaBH 4 reduction (Scheme 1).
Initially, the reduction of 4-methylbenzoic acid 1c was undertaken. 4-Methylbenzoic acid dissolved in THF was cooled to 0°C. To this diisopropyl ethylamine (DIPEA) and 50% T3P in ethyl acetate (EtOAc) were added and the reaction mixture was stirred for about 5 min. Then aqueous NaBH 4 was added and the reaction was allowed to stir at the same temperature. After the complete consumption of 4-methylbenzoic acid 1c, as indicated by TLC (took about 30 min), the solvent was evaporated and the crude compound was extracted into EtOAc. The organic phase was washed with 10% Na 2 CO 3 solution, water, and brine followed by evaporation of the solvent to yield (4-methylphenyl)methanol 2c in 89% yield. The efficacy of the protocol was further studied by reducing a series of aryl and alkyl carboxylic acids 1a-1k to their corresponding alcohols 2a-2k (Scheme 2, Table 1 ). All the products were isolated in good yields (above 80%) and were well characterized. 16, 17 Further, the utility of T3P to reduce the N a -protected amino acids/peptide acids 3a-3n to their corresponding alcohols 4a-4n was undertaken. The N a -protected aminols/peptibols serve as pre- , and NaBH 4 . Reaction of N-protected amino acids with cyanuric chloride and NaBH 4 was also documented. 31 In the present work, we started our initial study by reducing N a -Fmoc-Phe-OH 3a to the corresponding aminol 4a. For this, initially N a -Fmoc-Phe-OH 3a was dissolved in THF and was treated with DIPEA and 50% T3P in EtOAc at 0°C and the reaction mixture was stirred for 5 min. Then aqueous NaBH 4 was added to the reaction mixture and the stirring was continued at the same temperature till the complete consumption of the starting material (as indicated by TLC analysis). A simple work-up led to the isolation of Fmoc-Phe-ol 4a in 96% yield and the purity of the crude product was found to be 99% as determined by RP-HPLC 35 analysis (Fig. 2) . Following successful isolation of product 4a, several N a -protected amino acids/peptide acids 3b-3n were then reduced to their corresponding alcohols 4b-4n which were isolated in good yields (above 80% were characterized by NMR and mass spectroscopy (Scheme 3, Table 2).
16,32
The c-aminols serve as useful precursors in the synthesis of b-amino aldehydes which are used in the construction of a/bunsaturated peptidomimetics as well as in the synthesis of several heterocycles. The amino aldehydes can be obtained through the IBX mediated oxidation of N-protected b-aminols. 33 In the present work, we prepared few N-Fmoc/Boc and Z-protected c-aminols Table 3 . 16, 34 During this study, we also synthesized a set of enantiomeric aminols N-Fmoc-L-Ala-ol 4b, and N-Fmoc-D-Ala-ol 4b
⁄ through the present protocol. The synthesis of aminols using T3P was found to be racemization-free as indicated by its chiral-HPLC profile. In the chiral-HPLC profile a single peak was observed at R t 12.18 min for compound 4b, and for its epimer 4b ⁄ , the R t value was observed at 18.73 min 36 ( Fig. 3) . This clearly confirms that the T3P mediated reduction of N a -protected amino acids was found to be free from racemization. In summary, the facile synthesis of alcohols by the reduction of corresponding carboxylic acids using T3P-NaBH 4 is described. The protocol is simple, fast, and efficient for the reduction of both alkyl/ aryl aromatic carboxylic acids and N a -protected amino acids/peptide acids. The isolation of the alcohol was easy and devoid of the pre-filtration step prior to NaBH 4 addition. The protocol furnishes high yields of alcohols. reaction, the solvent was evaporated and the crude alcohol was extracted into EtOAc and the organic phase was washed with 5% citric acid (10 mL Â 2), 5% Na 2 CO 3 (10 mL Â 2), water, and brine solution. 
